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APPENDIX 6

EXAMPLES OF COMPUTER-CALCULATED SPECTRAL ENERGY DENSITIES

OF TEST SIGNALS

Part 2

Spectral energy density (calculated by a computer) of the ideal
filtered N-wave signatures used in the subjective test.
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OF TEST SIGNALS
Part 3(a

APPENDIX 6
EXAMPLES OF COMPUTER-CAICULATED SPECTRAL ENERGY DENSITIES

booth responses to ideal "blast" signatures used in the subjective

Spectral energy density (calculated by a computer) of the recorded
test.
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APPENDIX 7

THIS PAGE IS BRST QUALITY PRACTICABLE

COMFUTER PROGRAMS  poc 00PY FURNLSHED TODD0

Part 1

Listing of the FFT Fortran program (IBM 360) calculating decibel values

of one-third octave band pressure levels using the Johnson-Robinson

method [2]. Program reads input data (signatures stored in digital form

;g u:?: }[11: 2102 compu:er wit: A/D converter) from a magnetic tape, calculates
r transform using a s

T e band.s% andard FFT subprogram and computes energy in

(using the Johnson-Robinson scheme) and printed as output data.

~owrwN -

121

210

51
50
56

82
53

(13
000

70
70%
1001
5

103

101
10
<
99
102

993
100

o o

These energies are converted into pressure levels

FFT

DIMENSION A(8192)9sAC(4096)¢1WKI(14)

DIMENSION O(34)+E(33)

INTEGER®2 1119000}

COMMON /AL/11

COMPLEX GMNJAC

EQUIVALENCE (AC(1)eALL))

DATA 0/4¢605.607000849011020060101708022040284203545046,7956429

#70e0089¢10112400104140017840022640028240039540944700+56240070840¢

24001613005177800+22390052818+053568,0+446740+5623400

*891 2
#7079.0+8913,0/

KT=0

READ(59+1) NRT
FORMAT(14)

FORMAT (4l14)
FORMAT(3F742)
IF(KT=NRT! 1000+1001+2000
READIS592)NRIoNP o NPT oLS
READ(Se3) TTeTeTx
READ(5+61P

FORMAT (F9o4,

NXeTT/T

AX=T/0405

NYSIFIX(TX)

NN=0
CALL READI1(20+9000¢NR1+ICODE)
1F(1CODEEQe~1) GO TO 995
AL®10.0
DO 321 Te1ynx
ALSAL+AX
MYsAL
Atl)el]iMy)
CALL FFTRIAIGMNINY» TWK)
NXeNY/2
Fe100000/(TxeT)
00 210 I=lsNx
AL1)e(CABS(ACIL))®0,05E=34P/20467.0) 02
AINX+1)=(CABSIGMN) #0.05E=39P/2047,0) 002
DO 800 K=1,33
NBsO(K)/F
NBLeNB+1
NE=O(Kel)/F
NELSNE+1
YBeA(NBL )+ (AINBL+1)=A(NBL) )®(O(K)/F=FLOAT(NB))
YEoA(NEL ) #(A(NEL*1)=AINEL) ) ®(O(K+1)/F=FLOAT(NE))
IF(NE=NB)51¢51450
EIK)e(O(K*L)=0(K)I®(YBeYE) /240
GO TO 800
MeNB+1
E(K)=(FLOAT(M)#F=0(K) )#(YB+A(NBL+1))/2:0
MeMe]
FXuFLOAT (M) oF
)

O 166
E(K)SE(K)*FR(A(M*1)+A(M)) /20
GO TO 84
EIK)SEIK)*FR(AIMI+A(IM®L1)) /240
60 10 800
E(K)SE(K)#(O(K+])=FLOAT (NE)®F)® (YESA(NEL) /240
CONTINUE ¥

DO 70 K=1+33
E1K)®10.09ALOGIO | (2,08 (K))/14s0E=800,07))1=3
KKeK+6

WRITE (60 TIKKIE(K)
FORMAT(1X08(120'="0F842))
CONTINUVE

KTeKT+l

GO T0 100

CONT INVE

sTOP

END

SUBROUTINE READIL(IUNITILENs IREC,ICODE)
INTEGER®2 11(9000)
COMMON/AL/11

1CODE=0

NRECsLEN/250

IF(NREC#250 «NEs LEN) GO TO 999
REWIND TUNTY

NSKPeNREC® ( IREC=1)

1F _(NSKP +EGs 0) GO TO 1

DO 5 I=1sNSKP
READ{IUNIT 41030 END=998) DUMMY
FORMAT (A2)

CONTINVE

DO 10 KIs1,NREC
READ(IUNITo1010END=998) (1L LT ol®IT0IL)
FORMAT (280A2)
TielLel
ILelL+250
CONTINVE
RETURN
€ 0 F ERROR
CONT INVE
WRITE(6+102) IUNIT
FORMAT(' END OF FILE ON UNIT's1S)
1CODEw=]
RETURN
INCORRECT LENGHT ERROR
TINVE

CON'

WRITE(6+100)LEN

FORMAT (' [NVALID LENGMT®'o110+' NOT A MULTIPLE OF 250%)
1€00Es=1

RETURN

END

e
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0001 ASMBsR/B/sL ’ 0060 JSB .IOC. WCC
0002 % TAPE CONTROLLER 0061 0CT 20107
0003 NAM BAAAD 0062 JMP  x-2
0004 ENT BAAAD» BAAAE » BARAF » BAAAH 0063 DEF H+1rI
0005 ENT BAAAI»BAAAJ» BAAAK » BAAAL 0064 H1 NOP ]
0006 EXT .ENTR».I0C. 0065 JSB .IOC. WAIT FOR COMPLETION
0007 % FORWARD SPACE 1 FILE ( FSF ) 0066 ocT 30007
0008 BAAAD NOP 0067 86A
0009 ISZ BAAAD 0048 JMP  %-3 :
0010 JSB .l10C, FSF 0069 . AND  MASK,
0011 ocT 32007 - 0070 SZA
0012 JNP  X-2 0071 HLT  55B
0013 JSB .I10C. WAIT FOR COMPLETION 0072 JMP. BAAAH»I
0014 0CT 30007 0073 MASK -OCT . 377
0015 SSA 0074 % FORWARD SPACE 1 RECORD (FSR )
0016 JHP  X-~3 0075 BAAAI NOP .
0017 JMP  BAAAD»I 0076 1SZ BAAAI
0018 * BINARY TAPE READ ( RRF ) 0077 JSB .IOC. FSR
0019 E BSS 2 0078 0CT 30307
0020 BAAAE NOP ; 0079 JMP  x-2
0021 JSB .ENTR 0080 JSB .IOC. WAIT FOR COMPLETION
8 0022 DEF E ; 0081 OCT 30007
0023 LDA E»I 0082 88A
0024 8TA E1 0083 JHP  %-3
0025 JSB .IOC. RRF . 0084 JMP  BAAAI,I
0026 0CT 10107 0085 X WRITE END OF FILE (EOF)
0027 JHP  %~2 0086 BAAAJ NOP
0028 DEF E+1,1I 0087 ISZ BAAAJ
0029 E1 NOP 0088 JSB .IOC. EOF
0030 JSB .I0C. WAIT FOR COMPLETION 0089 ocT 30107
0031 0cT 30007 0090 JMP  X%-2
0032 88A 0091 JSP .IOC. WAIT FOR COMPLETION
0033 JNP  %-3 0092 OCT 30007
0034 AND MASK 0093 SS8A
0035 8ZA 0094 JMP  %-3
0036 HLT  66B 0095 JMP  BAAAJYI
0037 JMP  BAAAE,1 0096 X% BACK SPACE ONE RECORD ( BSR )
0038 % REWIND TAPE ( REW ) 0097 BAAAK NOP
0039 F 0CT 100 0098 1SZ BAAAK
0040 BAAAF NOP 0099 JSB .IOC. BSR
0041 ISZ BAAAF 0100 0CT 30207
0042 JSB .I0C. REW 0101 NP x-2
0043 0CT 30407 0102 JSB .I0C. WAIT FOR COMPLETION
0044 JHP  %-2 0103 0CT 30007
0045 JSB .IOC. WAIT TIL TAPE STOPS THEN 0104 SSA
0046 OCT 30007 SENSE BOT 0105 JMP  %-3
0047 88A 0106 JMP  BAAAK/s1
0048 JHP  %-3 0107 % BACK SPACE 1 FILE (BSF)
0049 AND F 0108 BAAAL NOP
0050 8ZA,RSS 0109 ISZ BAAAL fa
0051 JHP  BAAAF+2 0110 J8B .I0C. BSF |
0052 JMP BAAAFsI o111 ocT 32107 i
0053 = BINARY TAPE WRITE ( WCC ) 0112 IMP -2 |
0054 H Bgs 2 0113 JEB .I0C. WAIT FOR COMPLETION },
0055 BAAAH NOP 0114 OCT 30007 4
0056 JSB .ENTR 0115 88A
0057 DEF H 0116 JNP  %x-3 . }
0056 LDA HyI 0117 JMP  BAAAL»1 b
0059 8TA H1 0118 END ‘
?
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APPENDIX 8

JOHNSON AND ROBINSON METHOD FOR CALCULATING LOUDNESS OF IMPULSIVE SOUNDS:

STEP-BY-STEP COMPUTER PROCEDURE

1. The measured impulsive sounds recorded on an FM tape recorder are converted
to digital form by an A/D converter and stored in a magnetic tape storage

(HP 2100A). The frequency of sampling is fg = 20 kHz. The maximum amplitude
is scaled to * 2047 discrete points.

- 2. The Fast Fourier subroutine computes the complex discrete values of Fourier
components for k = 0, 1, ..., N-1 defined as:

N-1
o 21kn
X anexp['dn—] (1)
n=0
where
= x(n « At)
X(fk,T)
e =
- ) Shgd sty
Rl el Bt o7
T = total duration of sample
At = sampling time
N = nunber of discrete points in sample
% = Af, frequency separation in frequency domain

3. The energy in 1/3 octave bands is ca.lculated by summing up all discrete
values of the energy spectral density [Xkx - At [° multiplied by the frequency
separation Aw = 27 . Af:

B
1 2
B3) K af @
k=A
where A and B are discrete limits of a 1/3 octave band.

8-1




L. The effective 1/3 octave band pressure levels are computed from band
energies:

L, = 10 log); —— . (3)
Prefr c
where
Pont * 0.0002 pbar
T, - original Johnson-Robinson procedure
tc g T

e generalized Johnson-Robinson procedure

'.I.‘e - effective duration of the signal

LA critical time

5. In the case of sonic booms with duration > 100 ms the front and rear shocks
are normally heard separately ("bang-bang"). For this circumstance Johnson and
Robinson reduce the pressure levels in 1/3 octave bands by 3 dB:

LI'>=L-3dB (4)

This correction is restricted to sonic booms, or double impulses of similar
duration.

6. Levels in bands below 50 Hz are reduced to levels at this frequency (1i.e.,
50 Hz) which produce the same effect (same loudness in phons); equal loudness
curves are used, e.g., ISO Reconmendation R226 [27]. These weighted levels are
then combined with that already existing in the 50 Hz band, using normal rules
of decibel addition.

7. The resulting modified effective pressure levels in 1/3 octave bands are
used for evaluating the subjective loudness. The standard loudness calculation

procedure by Stevens (ISO Recommdnation R532 [30]) was used in the present work.

The loudness in sons (St) is converted to loudness level in phons (P) by the
equation :

P=L40 + 10 log, 8, (5)
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FIG. 4 SIMPLIFIED BLOCK DIAGRAM OF EQUALIZING NETWORK FOR LOUDSPEAKER-
DRIVEN SONIC BOOM SIMULATOR BOOTH.
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FIG. 8 EFFECT OF "PREDISTORTION" OF ELECTRICAL INPUT SIGNALS (TOP) TO UTIAS
SONIC BOOM IN ACHIEVING DESIRED WAVEFORMS (BOTTOM) RECORDED BY MICRO-
PHONE IN BOOTH,
gAg "Low-boom" sonic boom: T =1 ms, D =150 ms, D = 30 ms, x = 0.8
B) N-wave: T =1 ms, D = 150 ms
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FIG. 9 EXAMPLES OF PRESSURE SIGNALS RECORDED BY MICROPHONE IN UTIAS

SIMULATION BOOTH WITHOUT (TOP) AND WITH (BOTTOM) PREDISTORTION
OF INPUT SIGNAL.

(A) N-wave: T =1ms; D =150 ms; Ap =
(B) "Low-boom" sonic-boom: T =1 ms; D

50 ms; Dy = 30 ms;
x =1.0; Mpmgx = 1 psf.




